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Problem #1 (34%) 
A shell-and-tube heat exchanger consists of 135 thin walled tubes (d = 12.5mm) in a 2-pass 
arrangement. The total surface area of the heat exchanger is  47.5m2. 6.5 kg/s of water (the tube-side 
fluid) enters the heat exchanger at 15°C and is heated by an exhaust gas stream entering at 200°C and 5 
kg/s. The gas may be assumed to have the properties of atmospheric air. The overall heat transfer 
coefficient is approximately 200 W/(m2.K).  
a) What are the gas and water outlet temperatures? 
b) Assuming fully developed flow, what is the tube-side convection coefficient? 
 
Problem #2 (33%) 
Waste cooking oil can be converted to Biodiesel by several methods. One of them is the gas-phase 
pyrolysis, which basically involves the following first-order irreversible reactions: 
(RC(O)OCH2)3  (RCH2)3 + 3 CO2  (A   B + 3C) 
The rate constant k has the value of 5x10-3 min-1 at 150oC, and the activation energy is Ea=85 kJ/mol. 
Waste cooking oil is injected into a hot reactor at a rate of 2.5moles/min. The temperature of the 
reactor is T=227oC. The steady-state pressure in the reactor is P = 10 atm. All the species are in the 
vapour phase at this condition. 
a) What is the required CSTR volume to achieve 90% conversion?  
b) If the reactor is a PFR and the pressure drop is negligible, what is the required volume to achieve 
90% conversion?  
c) A CSTR with half of the volume calculated in part (a) is put in front of a PFR with half of the volume 
calculated in part (b) to make a reactor combination in series. Calculate the conversion in this 
reactor combination.  
This integral formula may be helpful: 
 
Problem #3 (33%) 
Suppose the reaction in Problem#2 is carried out in a batch reactor. Initially, the reactor is charged with 
only waste cooking oil. The reactor’s temperature is 227oC and the initial pressure in the reactor is 2.7 
atm. All the species are in the vapour phase at this condition. 
a) What is the pressure in an isothermal batch reactor if the conversion is 90%?  
b) Calculate the batch reactor volume to process 3,600 moles of waste cooking oil per day (= 2.5 
moles/minute). Assume that the batch reactor can be emptied and refilled very rapidly, and that it 
is not necessary to clean the reactor between batches.  
c) Which reactor (CSTR, PFR, batch reactor) would you recommend to be used for this process? 
Explain briefly. (Refer to the results obtained in Problem #2). 
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